During the Minnesota Children's Pesticide Exposure Study ( MNCPES ) , comparisons were made between the insecticide / herbicide loadings obtained with two household dust / insecticide or herbicide samplers: the Edwards and Lioy ( EL ) press sampler ( used for dust collection from carpets or other surfaces ) and the Lioy, Wainman and Weisel ( LWW ) surface wipe sampler. The results were compared with hand rinse levels, and urine metabolite levels obtained from 102 children ( ages 3 ± 13 ) . All measurements were made during a 1 -week sampling period, and information was obtained on household pesticide use and each child's activities. Of the homes, < 5% had recent spot uses of a pesticide but none had recent general applications. The analyses focused primarily on atrazine ( a herbicide ) , and malathion, diazinon, and chlorpyrifos ( insecticides ) . Metabolites were measured for atrazine, malathion and chlorpyrifos. The atrazine levels obtained using the EL indicate that this compound was transported into the home by an unquantified transport mechanism ( e.g. tracking of soil ) . Two malathion hand rinse values exceeded > 170 ng / cm 2 , suggesting that since indoor surface levels were low, these children had other sources of exposure. Atrazine, chlorpyrifos and malathion were detectable in > 30% of the homes by the EL, LWW or hand rinse. Only chlorpyrifos had detectable levels in !50% of the samples for all types, i.e. compound or metabolite, which is consistent with it being a common household pesticide. The median ( and maximum ) chlorpyrifos levels for the EL surface, EL carpet, LWW surface ( two rooms ) , hand rinse, and urine metabolites were: 0.07 ( 32.6 ) ng / cm 2 ; 0.07 ( 44.5 ) ng / cm 2 ; 0.34 ( 3.64 ) ng / cm 2 ; 0.42 ( 14.4 ) ng / cm 2 ; 0.03 ( 2.14 ) ng / hand and 6.9 ( 59.0 ) g / g, respectively. A strong correlation was found for chlorpyrifos between the EL surface and carpet samples. Chlorpyrifos levels detected by LWW had a different distribution and concentration range than the EL, indicating that it collected more than the surface dislodgeable insecticide. EL was directly comparable to the hand rinse or urine levels, but only the LWW had a weak correlation with hand rinse levels, suggesting that the children had other sources of chlorpyrifos exposure. Thus, mechanistic exposure studies are needed to more accurately establish exposure ± dose relationships in residential settings.
Introduction
House dust may contain chemicals (e.g. pesticides) that are hazardous to human health. These compounds can enter the human body through the inhalation of re -suspended particles, the accidental ingestion of particles adhering to food objects and the skin or by direct absorption through the skin ( Center for Disease Control, 1991; Lewis et al., 1994; Fenske and Lu, 1994 ) . Concentrations of contaminants in house dust tend to be lower than concentrations found in occupational settings. Nevertheless, the time a young child spends indoors and his / her tendency to be very tactile and to handle and place non -food objects into his / her mouth provide ample opportunity for exposure. Health effects that have been associated with contaminants in house dust are childhood leukemia (Daniels et al., 1997 ) , developmental inhibition ( Roberts and Dickey, 1995 ) , reduction in IQ (Center for Disease Control, 1991 ) , reduction in motor skills, and coordination and attention disorders (Guillette et al., 1998 ) . Atrazine is a herbicide that causes eye irritation and skin reactions, and can cause systemic effects at high doses. Chlorpyrifos, diazinon and malathion are organophosphate insecticides that can cause neurological health effects and cholinesterase suppression (Environmental Protection Agency, 1999 ) . Each of these compounds is commonly used in residential settings and can be found in multimedia, which fit the design of the NHEXAS program (Pellizzari et al., 1995) . Chlorpyrifos is used both indoors and outdoors, while diazinon and malathion are used against garden insects.
Sampling methods used in residential studies have focused on measuring the total amount of contaminant on a surface or in a carpet, with the objective of collecting 100% of the contaminant within a given sampling area. Samples collected in this manner, however, may produce unrealistic estimates of exposure. Few attempts have been made to determine whether such results are representative of concentrations that would be collected under actual conditions by a human hand (McArthur, 1992) . Furthermore, Wang et al. ( 1996 ) and Que Hee et al. ( 1985 ) have reported that lead concentrations are not evenly distributed across particle size fractions of collected house dust, and Lewis et al. (1999 ) showed that pesticide concentrations increased with decreasing house dust particle size.
Residential pesticide use includes professional and homeowner treatments of lawns and gardens, and indoor applications to control cockroaches, termites, fleas and other pests with bombs, broadcast application, crack and crevice treatments, and no-pest strips. Other uses include pet shampoos, pest collars and insect sprays. Since many pesticides are semi -volatile, they can also redistribute throughout the residence after their initial application, providing a pervasive source of potential exposure to these compounds (Gurunathan, 1998 ) . Herbicide use includes grasses, orchards, vegetable cropland, gardens, and weed control.
Methods have been developed to measure the relative importance of dermal contact and oral ingestion for exposure to pesticides in house dust (Hsu et al., 1988; Roberts et al., 1992; Lewis et al., 1994; Ness, 1994; Bradman et al., 1997 ) . It is not clear as to what extent each method has been designed to replicate the collection efficiencies of human skin and they may not provide accurate estimates of the pesticide mass adhering to the hand after contact with a surface. The Edwards and Lioy ( EL ) sampler has been designed to collect surface concentrations of dust and pesticides that are representative of those adhering to the human hand after, at a minimum, a single press .
The EL hand press sampler and a version of the Lioy, Wainman and Weisel (LWW ) surface wipe sampler, modified to collect total surface pesticide levels, were employed as part of the Minnesota Children's Pesticide Exposure Study (MNCPES ) ( Lioy et al., 1992 ( Lioy et al., , 1993 Freeman et al., 1996; Gurunathan et al., 1998; . The study, conducted during the summer of 1997, was a multi -media, multi -pathway evaluation of children's exposure to multiple organophosphate pesticides. A screening process based on household pesticide storage and use was used to preferentially select households where children were likely to have above average exposures. Stage 1 identified households with eligible children ( 3± 13 years old ) and more frequent pesticide use; stage 2 screened households using an inventory of pesticide storage and usage; and stage 3 included intensive monitoring of the selected children . The study population included 102 children between 3 and 13 years old. Seventy -two children who resided in Minneapolis and St. Paul (MN ) were designated``urban'', and 30 who resided in Rice and Goodhew counties (MN ) were designated as``non -urban'' . Detailed descriptions of the entire study can be found in the design paper published by Quackenboss et al. ( 2000 ) in this journal. Pesticide usage information for the study population found that there were no significant differences in the number of pesticides stored or used by rural and urban Minnesota families. The most commonly active ingredient found in household pesticide products using the four compounds studied was chlorpyrifos . Further, of the group we studied, few used a pesticide on or about the time of sampling, and it appears that these applications were only spot -used by the residents. Eleven individuals sprayed a pesticide once and two sprayed three times during the 6 days of sampling, but there were no professional applications. The type of pesticide used is unknown.
Exposures to four compounds Ð malathion, atrazine, diazinon and chlorpyrifos Ð were assessed in MNCPES by: (a ) collecting duplicate diets for the children for a 1 -week period; (b ) measuring urinary biomarker excretion rates ( normalized to creatinine ); (c ) measuring pesticide concentrations rinsed off the hands; and ( d) measuring concentrations found in dust samples from carpets and surfaces, and in the backyard soil. The overall goal of MNCPES was to examine and compare potential residential exposure pathways to pesticides in this population of children and to identify effective exposure reduction strategies. Each will be addressed in future analyses of the data set. This manuscript examines the insecticide / herbicide measurements obtained using the EL sampler and modified LWW sampler dust collection methods. The results are compared with insecticide /herbicide concentrations obtained in dermal rinse samples, and urinary metabolite levels, which are frequently used as benchmarks for contact and accumulated dose in other pesticide studies. Further analyses on the data set will examine the potential public health implications using the entire suite of insecticide / herbicide related variables examined by the MNCPES.
Methods
An EL sample was collected from the carpet and from a smooth indoor surface in the main living area. LWW wipe samples were obtained from a smooth surface in two separate rooms ( LWW1 and LWW2 ) . LWW1 was collected in the same room as the EL sample. A 2 -propanol hand rinse and an estimate of the surface area of the palm of the dominant hand of each participating child, based on hand tracing, were obtained at the same time as the dust samples. Urine samples were collected on three separate mornings during the week, including 1 day on which both the dust and hand rinse samples were collected. Dust samples and hand rinse samples were analyzed for atrazine, diazinon, malathion and chlorpyrifos. Urine samples were analyzed by the Center for Disease Control and Prevention, National Center for Environmental Health for the following metabolites: atrazine mercapturate ( atrazine ), monocarboxylic acid ( malathion ), and 3,5,6 trichloro -2 -pyridinol (chlorpyrifos ) ( Center for Disease Control, 1994a,b; Hill et al., 1995 ) .
Sampling methods
Hand Surface Area Measurement and Hand Activities The surface area of the palmside of each child's hand was measured immediately after taking the hand rinse. The measurements were performed by placing the child's hand on the data sheet printed with a 1Â1 cm 2 grid, and tracing the perimeter of the hand with a pen. The fingers were placed together before tracing ( i.e. not spread out on the paper ) and the tracing started at the indentation after the prominent wrist bone on either side of the hand. The pen traced around the hand, retaining contact with the hand until it reached the same point on the wrist on the other side of the hand. One measurement of the dominant hand was obtained for each child.
In addition to the palm surface area measurement, three questions were answered by the child: ( 1) When did you last wash your hands (including showering or bathing ); ( 2) Did you play on the floor since you last washed your hands; and ( 3) Did you play outside since you last washed your hands? Since these data were acquired from young children as well as older children, there may be uncertainties also with the accuracy of the answers to each question.
Hand Rinse Collection Hand rinses were completed for each child to determine pesticide levels present on their hands at the time of sampling. A hand rinse sample was collected on 1 day from a participating child during the 1 -week sampling period. It was the same day that dust and other environmental samples, and one urine sample, were collected. The hand rinse sample was collected according to the following criteria used by the sampling team in conjunction with the parent or guardian and child ( older children ) :
o If the child has just entered the home from school, etc., the hand rinse was delayed and taken at the end of the sampling visit on that day;
o If the child was in the house for at least 1 h prior to the entry of the field team, the hand rinse was taken at any time during the sampling visit; and o If the child had just washed his /her hands, hand rinse was delayed to the end of the visit.
A clean ziploc bag was used to collect the hand rinse. The child was asked to place his / her hand in the bag containing 150 ml of 2 -propanol, delivered from a nalgene bottle. The solvent was manipulated around the child's hand from the outside using a gloved technician's hand. The technician's other hand was used to maintain a tight seal between the open end of the bag and the child's wrist. The child's hand was removed from the solvent and held briefly over the open end of the bag to catch any drops coming off the hand. The child's hand was then washed with water and soap. The solvent in the ziploc bag was transferred to a clean, pesticide -grade I -Chem 250 ml amber jar with a Teflon1 -lined screw -top lid. The ziploc bag was rinsed three times with approximately 25 ml of the 2-propanol remaining in the nalgene bottle. The solvent from each rinse was added to the sample. The lid was placed on the amber jar and sealed with electrician's tape and the jar was placed and sealed in a ziploc bag. The samples were transported back to the field office in a cooler with ice packs. The samples were stored frozen until extraction and analysis.
EL Sample Collection Two EL samples, each using C18 filters as the collection substrate and covering a surface area of 150 cm 2 , were obtained in a residence. One sample was collected from a flat surface in the living room at a height between 1 and 3 ft off the floor. The other sample was collected from a carpet in an area frequently contacted by the child while playing in the living room. The smooth sampling surface in the living room was selected according to the following criteria: ( 1) the surface was unobstructed and accessible to a small child; (2 ) the surface was smooth with sufficient dust for a sample (if the surface was cleaned too regularly, not enough dust may be present for analysis ); (3 ) the surface was between 1 and 3 ft above the floor; and ( 4) the surface was at least 2 ft from major electrical appliances such as a television set or music system.
The carpeted surface was selected according to the following criteria: ( 1) the carpeted area not obstructed by furniture; (2 ) the area selected would approximate the location where a child spent most of his /her time in the living room (e.g. the floor near the TV ); and (3 ) the surface was at least 2 ft from major electrical appliances such as a television set or music system. Sampling with the EL sampler was performed according to the procedure described previously by . In that study, the authors completed laboratory intercomparisons of a hand press, EL sampler, cotton glove, synthetic skin, adhesive labels, and soft -wick sponge. They found that the EL most accurately mimicked uptake particles by the human hand. Thus, it was considered as the best technique to represent adhesion of particle -bound pesticides for the study.
The samples were transported to the field office in a cooler with ice packs. The C18 filters were then shipped frozen to the laboratory where they were placed in 125 ml IChem pesticide -grade amber jars with 100 ml Optima grade 2 -propanol. The samples were stored frozen in a freezer dedicated to MNCPES samples until extraction and analysis.
The LWW Sampler The LWW sampler has undergone extensive laboratory and field tests to validate its utility as a surface wipe sampler for metals and pesticides. These have been published by Lioy et al. ( 1993 ) , Freeman et al. ( 1996 ) and Gurunathan (1998 ) . Recently, Rich et al. ( 1999 ) compared the LWW to the HUD surface wipe sampler and found that the correlations of paired samples had a statistically higher (P < 0.001 ) internal reproducibility for lead loading using the LWW sampler (r =0.87) than the HUD method ( r= 0.71) .
The LWW sampler was used to collect wipe samples from smooth surfaces accessible to the child in the child's play area and in another room where the child routinely spends time. Efforts were made to select surface areas that contained visible dust. The dust samples were collected on a Carbon -18 impregnated Teflon filter. The filter was wetted by 2 -propanol and placed on the LWW pressure plate. The plate and filter were placed in a 100 -cm 2 template and slid the length of the template three times. The filters were frozen and shipped to the Environmental and Occupational Health Sciences Institute ( EOHSI), NJ, for extraction and analysis. The samples were extracted by sonication in 5 ml hexane and analyzed by gas chromatography with an electron capture detector ( GC -ECD ). A surrogate, fenchlorfos, was included as an internal standard. Details on the LWW application to pesticides and their analysis can be found in Gurunathan ( 1998 ) and Gurunathan et al. (1998 ) .
Urine Analysis Three morning voids were collected in 150 -ml containers from each child on days 3, 5, and 7 of the study period. Samples were shipped frozen to the CDC for analysis for metabolites of chlorpyprifos (3,5,6 -trichloro -2 -pyridinol (TCPy ) ), atrazine (atrazine mercapturate ), and malathion ( malathion dicarboxylic acid ) . The TCPy analysis involved enzyme hydrolysis of urine, solvent extraction, formation of a chloropropyl derivative, chromatographic cleanup, sample concentration, and analysis using GC -MS -MS (Center for Disease Control, 1994a,b; Hill et al., 1995 ) . Sample analysis involved solvent extraction, sample concentration, and analysis using liquid chromatography with tandem mass spectrometry (LC / MS/ MS) (Center for Disease Control, 1994a,b; RTI/ EOHSI Consortium, 1997 ) .
Extraction of Dermal Rinse and EL Samples
The samples were removed from the freezer, placed upon a clean aluminum foil surface, and the lid removed from each. An amount of 0.5 l of a premixed solution of 2.5 g/ml trichloronate was added to each sample as an internal standard. The contents were transferred to pre -cleaned 600 ml Rapidvap 2 flask via a pre -cleaned wide -mouthed glass funnel and the solvent evaporated at 508C at increasing vortex speed until 1 ml remained in the bottom of the flask. A glass pipette was used to transfer the solution from the Rapidvap 2 flask to a pre -cleaned 5 ml glass volumetric flask. The Rapidvap flask was then rinsed out three times with approximately 1.2 ml of 2-propanol using a clean glass pipette for each rinse and the volume made up to 5 ml. The resulting liquid was split into four aliquots, which were transferred to 1.2 -ml amber vials. Each sample was stored in a freezer after preparation. Due to very low pesticide levels measured in the EL samples, an additional reduction of the sample volume was necessary. The sample vial was removed from the freezer and sonicated for 5 min. The cap was removed and the contents transferred to a pre -cleaned 5 ml Micro -mate 1 glass syringe (Popper and Sons, Inc., NY ), which had a Gelman PVDF 0.2 m pore size Acrodisk 1 disposable syringe filter. The sample was filtered into a Kimble 2 1.5 ml tapered graduated glass vial. A Meyer N -EVAP 1 analytical evaporator model 111 (Organomation, Northborough, MA ) was used with HPLC grade nitrogen to reduce the sample volume further to approximately 250 l. The exact dilution factor was corrected for using the trichloronate internal standard, and 250 l was transferred to a 300 -l glass insert in a 1.2-ml amber vial. The vials were then capped and stored in a freezer until analysis.
Analysis of Dermal Rinse and EL Samples
The EL and dermal rinse samples were analyzed for atrazine, diazinon, malathion and chlorpyrifos using a Hewlett -Packard (HP ) 5860 Series II Gas Chromatograph (GC ) with Nickel 63 Electron Capture Detector (ECD ), and HP Auto Injector 7673A. The split /splitless injector was held at 2008C, and a 60 mÂ0.25 mm idÂ0.25 m film thickness DB -1 fused silica capillary column ( Supelco 2 or equivalent ) was temperature -programmed from 508C to 1658C at 108C/ min ( held for 45 min ), from 1658C to 2708C at 408C/min and held at the final temperature of 2708C for 12 min. The detector temperature was 3008C. The carrier gas ( helium ) flow rate was 1.0 ml /min and the flow rate of the make -up gas ( nitrogen ) was 23 ml /min. The injection volume for all samples was 2 l. Internal standards of 0.25 g/ ml of trichloronate and 0.25 g /ml of fenchlorfos were used in both calibration standards and samples. The following quality assurance and quality control samples were analyzed during the analysis phase of the study: laboratory reagent blanks, laboratory filter blanks (laboratory method blanks ), laboratory fortified sample matrices (laboratory controls ). The QA / QC information is available in the RTI/ EOHSI National Human Exposure Assessment Survey (NHEXAS ) database being assembled for the USEPA. In addition, NIST calibration check standards were analyzed after every tenth sample. Table 1 presents average method detection limits ( MDLs ) for EL samples, hand rinse samples, and the LWW sampler.
Results

Children's Hand Surface Area Measurements and Hand Activities
The distributions of the children's age, time of hand wash, and palm surface area are shown in Table 2 . The average palm surface of the children was 89 cm 2 , but had a wide range of values due to the age distribution of the participating children. The average adult palm surface area is 163 cm 2 for men, and 129 cm 2 for women, with a combined average of 147 cm 2 . Average and median palm surface areas of the participating children's hands were approximately 60% of adult size hand. On average, the hands were washed 6 h prior to the hand rinse sample. The reported time was very broadly distributed with the values ranging from 1 to 48 h prior to the rinse. Since these data are self -reported, the accuracy is uncertain, but does indicate substantial variance among the participants. The age of the participating children varied from 3.1 to 13.6 years old with a mean of 8.0 and median of 7.8 years.
The relationship between the age of the children, their gender and the surface area of the palms of the hands is presented in Figure 1 . No differences in hand surface area were found to be related to gender. The surface area of the palm of the hands appeared to increase linearly as a function of age for both sexes. Seventy -five percent of the children self -reported that they had played on the floor since last washing their hands. This activity is a potential exposure pathway that would increase frequency and duration of contact with insecticide /herbicide present on carpets and other surfaces. The study was performed during the summer, which is indicative of why 67% of the children self -reported playing outside since last washing their hands. Thus, it was plausible the children came into more frequent contact with outside surfaces which: (1 ) could contain insecticide /herbicides that adhered to their hands and were collected in the hand rinse samples or (2 ) could cause removal of insecticide /herbicide from the hands that were obtained from indoor activities. In either case, it is clear that multiple contacts could occur with pesticides located inside and outside the homes, and could affect relationships with biological samples and surface wipe samples.
Further analyses showed that younger children, 3± 6 years old, were more likely to play /sit on the floor ( 2 test, P=0.001 ). Children who played /sat in the floor had longer periods between hand washing and hand rinsing, 7.1 vs. 4.8 h. Thirteen children reported not playing on the floor or playing outside. These children were significantly older, 7 ± 13.6 years old, than the children who played both outside and on the floor prior to the hand rinse (P=0.011).
Presence of Pesticides on Surface, Hand Rinse, Metabolite Samples A summary of the concentrations of atrazine, diazinon, malathion and chlorpyrifos (g/ ml ) and available urine metabolites (g /g creatinine ) measured for the EL, LWW, hand rinse, and urine samples, respectively, is presented in Table 3 .
Atrazine Atrazine was detected in samples collected with the EL sampler from both smooth surfaces and carpets in approximately 60% of the houses. The range of values ( g/ ml ) is similar for both types of surface. Atrazine was only detected in 12 hand rinse samples out of 88 collected, and the urinary biomarker for atrazine was only detected in two samples out of 87 collected. Atrazine was detected in only three samples collected by the LWW, probably due to its much higher detection limit.
Diazinon Although diazinon was detected in approximately 10% of carpet and surface samples collected by the EL sampler, diazinon was simultaneously detected in samples from both carpets and smooth surfaces in only four houses. Diazinon was only detected in six hand rinse samples out of a total of 94 hand rinse samples, and the LWW yielded only eight samples with detectable quantities of diazinon out of a total of 194 samples collected from two locations.
Malathion Malathion was detected in samples collected by the EL sampler in approximately 50% of the carpets and 39% of the surfaces in the residences. Malathion was detected in both media for 27% of the residences. The hand rinse measurements of malathion were just as likely to have detectable levels in the urban and rural children, and yielded dramatically different values than obtained with the EL sampler. The values observed on the hands of two children were far in excess of the values obtained from the residential surfaces. Of the hand rinse solutions that had detectable levels of malathion, only two were associated with detectable levels on EL carpet samples and none was associated with the EL surface samples. Analysis of the self -reported activities of children who had malathion on their hands revealed that five of the six reported both playing on the floor and playing outside prior to the hand rinse. The child who did not report playing outside or on the floor had the lowest quantifiable malathion levels in the hand rinse. Levels of malathion on the hands were much higher than the level measured inside the residence, suggesting that the malathion present on the hands probably came only from sources outside the home. Of the children with measurable levels of malathion on the hands, none had detectable levels in the modified LWW wipe samples; however, the urinary metabolite of malathion was detected in more than one third of the children measured in this study.
Chlorpyrifos Chlorpyrifos was detected in approximately 80% of the residences by the smooth and carpeted surfaces sampled using the EL sampler, in 50% of the hand rinse solutions and in 60% of the LWW modified wipe samples. The urinary metabolite of chlorpyrifos ( TCPy ) was detected in 79% of the urine samples. The number of chlorpyrifos measurements obtained for each sample type was sufficient to allow detailed comparisons of the results. The TCPy levels were found to be highest for those children who were less than or equal to 6 years old, and who had the smallest hands ( <80 cm 2 ).
Results and discussion of surface loadings
The surface distribution parameters of atrazine and chlorpyrifos were analyzed in detail because both EL samples had >50% of results above the detection limit. The results are presented in Table 4 . Chlorpyrifos, a broad - spectrum organophosphate insecticide, was chosen as a target compound because it has been used more frequently in U.S. homes than other pesticides (Davis et al., 1992 ) . It is not surprising, therefore, to find that it was stored in 25% of the Minnesota homes . Atrazine, an agricultural herbicide that is known to contaminate drinking water in parts of the Midwest after being used on crops and depositing on surface soil, was also found at detectable levels in a subgroup of the homes.
Chlorpyrifos
For chlorpyrifos, the surface loading ( ng/ cm 2 ) on carpets and surfaces measured by the EL sampler were similar. A Wilcoxon matched -pairs signed ranks test indicated that the concentrations of chlorpyrifos collected by the EL sampler on both carpets and surfaces were not significantly different ( P= 0.15 ). In addition, the carpet and surface measurements were significantly correlated between households ( Pearson r 2 =0.81; P < 0.001 ) . The analyses indicated that the EL sampler was performing consistently for the measurement of chlorpyrifos between surface types. The results also suggested that surface loadings of chlorpyrifos on smooth surfaces and on the uppermost surface of carpets in the same room had similar concentrations of dislodgeable chlorpyrifos.
Unlike vacuum methods that collect household dust from all depths of the carpet, the EL sampler only contacts the surface of the carpet, in a manner similar to that of contact with a hand, and does not penetrate deep in the pile and base of the carpet. Thus, pesticide levels measured by the EL sampler on carpet surfaces reflect only the pesticide that is lying on the surface of the carpet, and that which would be picked upon after a single hand press. The samples collected appear to be similar to those measured on other surfaces in the home. It can be inferred from the chlorpyrifos results that a hand would pick up similar loadings of chlorpyrifos upon contact with each surface type. In addition, the low loadings reaffirmed that the pesticide had probably not been recently applied, e.g. within a few weeks of the sampling.
Results from the two types of LWW samples, LWW1 (room A ) and LWW2 ( room B ) , essentially showed that in the homes studied, the two rooms had different surface median loadings, but the 95 percentiles and the medians were similar. The total pesticide loading on the floor of room (A ) was less than that in room (B ) . Room A was where the EL samples were collected. Previous research has also noted post -application differences in the levels of chlorpyrifos found in different rooms (Byrne et al., 1998; Gurunathan, 1998 ) . Distribution of chlorpyrifos measured by the hand rinse and the modified LWW is found in Table 4 . Median concentrations for the hand rinse were similar to median concentrations measured by the LWW2 and the average LWW, suggesting that the hand rinse was possibly influenced by the levels of pesticide present in a room where the child routinely spends time (room B ). This is supported by the Wilcoxon matched -pairs signed ranks test which indicated that the LWW2 ( room B ) and the hand rinse were not significantly different ( P=0.32) while average LWW and LWW1 (room A ) were significantly different from the hand rinse ( P= 0.03 ). The average LWW significantly correlated with the hand rinse (r =0.36; P= 0.00001 ) and LWW1 significantly correlated with LWW2 ( r= 0.56; P= 0.00001 ). Figure 2 shows a comparison of chlorpyrifos levels measured by the average LWW and hand rinse levels, using 0.056 ng / cm 2 ( MDL=method detection limit ) for LWW nondetects. Based upon the scatter plot, the relationship between the means may be a statistical artifact due to the number of non -detects and the lack of high values during the study. There was no relationship (linear or non -linear ) between the levels of chlorpyrifos found in the hand rinse and the size of the child's hand. This observation indicates that chlorpyrifos levels on the hand were not a simple function of the surface loading of pesticide and can be strongly dependent on the child's behavior or by additional sources of pesticide in their environment. This is further supported by the fact that there was no significant association between hand rinse chlorpyrifos levels and the levels of TCPy in the urine.
Both the EL carpet measurements and the EL surface measurements were significantly different than the hand rinse values (P=0.0001) . This was not unexpected for the following reasons: (1 ) the hand rinse represents the contact of the hands with surfaces over an extended period of time and not a single hand press; ( 2) the hand rinse represents the contact of the children with a variety of different surfaces in their environment inside and outside the home; ( 3 ) a proportion of the chlorpyrifos on the skin surface may have been absorbed through the skin ( Lu and Fenske, 1999 ) ; ( 4) the placing of the hands in the mouth by the children may have removed some of the pesticide; and (5 ) the EL sampler is only representative of one contact on a surface by a hand. The lack of correlation between the hand rinse and the EL sampler may also be related to the narrow range of all concentration measurements and that the chlorpyrifos levels on the hand did not differ across ages at the time of the hand rinse. A larger range of chlorpyrifos concentrations would have been desirable, but was unavailable in the study homes because of the lack of recent pesticide usage. Figures 3 and 4 show a comparison of EL surface and carpet measurements with the hand rinse for chlorpyrifos. In many cases, both the EL surface values and the EL carpet values were much lower than the hand rinse results, suggesting the possibility that a build-up on the hand was associated with a number of surfaces. In Table 4 , the median chlorpyrifos concentration measured by the EL sampler on smooth surfaces was 20% of the average LWW sample, and 16% of the values measured by LWW2 sample. If one compares only the samples that were collected in the same room, the EL sampler median value was 23% of the LWW value. The average collection efficiency of the EL sampler determined in a controlled laboratory collection efficiency test using polyethylene test surfaces was 18%. Since the modified LWW sampler for pesticides is a wipe sampling method designed to collect 100% of the residues on a surface, the field data from the MNCPES showed close agreement with the laboratory efficiency tests. Thus, it appears the EL sampler functioned in the field similar to the way it functioned in the laboratory.
Atrazine
The second most prevalent compound, atrazine, was selected as a target compound since it is known to be Household levels of insecticides and herbicide Lioy et al. present in the groundwater in Minnesota after application on surface soils and thus, would be also found in soil that has been sprayed by a herbicide. The range of values measured on surfaces was much greater than that measured on carpets. A Wilcoxon matched -pairs signed ranks test indicated that the distributions of atrazine on carpets and surfaces were not significantly different ( P= 0.31) , and there was no significant correlation between these two measurements (P= 0.74 ). This is not expected because highest and lowest values detected on the smooth surface were approximately one order of magnitude higher than the carpet samples. Further, the sources of atrazine were outside the home and atrazine may not have been evenly distributed on surfaces after it was transported into the home. The phenomenon would be consistent with Roberts et al. ( 1992 ) who have reported that pesticides are tracked into the home after an outside application. Finally, rural and urban children comparisons found no statistical difference between the atrazine levels measured by the EL sampler (P= 0.127 ) or the hand rinse samples (P= 0.346 ).
Malathion
Malathion was found in the hand rinses of six children who lived in the rural counties. In three cases, the loadings on the hands were substantial, ranging from 0.02 to 0.94 g/cm 2 . In contrast, malathion measurements obtained with the EL sampler from carpets and smooth surfaces were typically several orders of magnitude lower, with the highest surface loadings of 5.8 ng /cm 2 on carpets and 7.0 ng /cm 2 on smooth surfaces. The results suggest that there are probably significant outdoor sources of exposure not identified in this study.
Comparison of chlorpyrifos levels with other studies
The data collected in this study were compared with the results of obtained by Lewis et al. (1994 ) . It was a ninehome study that evaluated methods for monitoring potential pesticide exposure of small children in the residential environment (Table 5) .
Concentrations of chlorpyrifos collected by the HVS3 vacuum sampler had a mean value of 1.3 g/m
2
. This was about 3Â higher than the median LWW results. The median EL concentration on carpets was 18 times less than that from the HVS3, which was probably due in part to the lack of recent spraying in the MNCPES homes. The HVS3 collects dust and pesticide residues from within the carpet pile and not just the residues which are on the surface and immediately available for contact on a child's hand. The investigator hand press performed by Lewis et al. (1994 ) showed a mean of 0.03 g/m 2 with a maximum concentration of 0.07 g/m 2 , which were considerably below median concentrations measured by the EL sampler. The differences were probably caused by a non -linear association between concentration of pesticide on the hands and overestimation of the``pesticide -laden hand surface area'' associated with hand 10 repeated presses. This would be expected as the hand does not retain all the collected materials in repeat presses (Rhodes et al., 1997 ) . Thus, a single press of the EL would produce a higher pesticide loading compared to the average of 10 repeat hand presses. The children hand rinses by Lewis et al. ( 1994 ) measured both hands, whereas a single hand was measured in the MNCPES. Detectable levels of chlorpyrifos were found in two out of four children in the Lewis study and 50% of children in the MNCPES. The Lewis et al. (1994 ) study rinsed both of the participant's hands to obtain their hand rinse pesticide levels and reported a mean value of 0.06 g chlorpyrifos for both hands. The NHEXAS pesticide module rinsed only one of the participant's hands and median chlorpyrifos hand rinse concentration was 0.03 g for one hand.
Post -application studies by Lu and Fenske (1999 ) found substantially higher loadings on hands, carpets, and surfaces immediately following residential application than was found in the MNCPES. The levels found in our study were consistent with there having been no recent application in the MNCPES children's homes.
We were unable to discern any significant gender differences for chlorpyrifos levels measured on the hands. In addition, we were unable to discern clear differences in between those children who had played on the floor or had played outside. There was no significant correlation between the time since the children had washed their hands and pesticide levels measured on the hands. Thus, the information collected in this study was unable to account for the variability in hand rinse data. The influence of these variables on pesticide levels measured on the hands may be clarified once the video analysis of activity patterns conducted 1 day during the study and the hand -to -mouth behavior of the children are analyzed. These data will be used to determine the number of contacts the child's hand had with different surfaces and the amount of pesticide that may have been ingested from the hand (Reed et al., 1999 ) . Figures 5 and 6 show a comparison of the chlorpyrifos concentrations measured by the EL sampler, the hand rinse, and the average LWW values with TCPy, the urinary metabolite for chlorpyrifos. Figure 5 shows the EL surface and Figure 6 the EL carpet samples. The median surface concentrations of chlorpyrifos for the EL surface samples were higher than the hand rinse values. The range of concentrations measured by one sixth of the EL samples was greater than the hand rinse values, but lower than the average LWW results, indicating significant variability in easily dislodgeable pesticide on sampled surfaces. The EL carpet and surface measurements were highly correlated between houses, which suggests that the variability in the EL measurements was due to variability of the dislodgeable surface chlorpyrifos concentrations between houses.
It is clear from Figures 5 and 6 that chlorpyrifos measured in hand rinse and dust samples does not correlate with an indicator of the internal dose, the chlorpyrifos metabolite levels. This is in agreement with previous studies for both pesticides (Starr et al., 1974 ) and metals (e.g. Gallacher et al., 1984 ) , which were able to relate urine or blood biomarkers with surface concentrations. The MNCPES did demonstrate that chlorpyrifos levels measured on the hands were correlated with at least one type of surface measurement.
It should be noted that there was a large variability in the chlorpyrifos metabolite measurements for each child. The lack of correlation of the surface chlorpyrifos concentrations and internal metabolite levels was probably due to a combination of factors: (1 ) inter-and intrapersonal variability in chlorpyrifos metabolism and excretion; (2 ) measurement of surface levels of a chemical does not take into account that it may be repeatedly transported and redeposited on other types of surfaces (e.g. toys ); ( 3) lack of information on activities that alter adhesion of pesticides on the skin surface; and (4 ) the influence of dietary sources of pesticides on internal dose (in food or associated with food handling) . Thus, a measurement taken from a particular surface may not be representative of a child's internal dose since it accounts for only a few other exposure pathways out of many. However, the results can be used to establish baseline loadings for comparison with the results of future studies that look at residential exposure in the days or weeks immediately after application.
Urine metabolite levels represent exposures integrated from multiple pathways, which will reduce the coherences between single environmental media measurements. Finally, hand -to -mouth behavior and activities of the children may vary widely, which will alter the level of exposure received by a particular child. For example, the malathion was detectable in a limited number of hand rinse samples, but the values were well above the pesticide levels found in dust or metabolite levels found in urine. It may be that this hand rise sample represents an approximate or ultimate source outside the home, possibly yard soil. For chlorpyrifos, TCPy was found to be higher in the urine of children who were less than or 6 years old, who played on the floor, and who had the smallest hands. This result was found for all three urine samples. However, the results were only statistically significant for urine 1 samples: 10.4 7.8 vs. 7.2 6.2 g/g (P=0.04) , and for urine 2 samples: 12.7. 12.8 vs. 7.1 8.4 g/g (P= 0.001 ), for the less than or 6 year olds and the greater than 6 year olds, respectively.
The LWW modified wipe sample is a solvent -based wipe procedure that aims to collect 100% of pesticide present on a surface. It does not, however, represent what is present on a child's hand. Over 99% of house dust particles on indoor surfaces are smaller than 50 m and the human skin exhibited varying collection efficiencies for particles in this size range . The contact of the LWW modified wipe sampler with the surface is more of a scouring motion, instead of a hand press, and therefore, has collection characteristics that differ from the hand.
The EL sampler uses a single hand press ( Edwards et al., 1998 ) which represents the presence of surface dislodgeable pesticides, not total hand uptake and retention. The results from the MNCPES have shown that using a single press of the EL sampler may not be adequate for two reasons. First, levels measured by the EL sampler were very close to detection limits, and a larger sample would serve to reduce noise, and increase the number of detectable measurements. Second, the chlorpyrifos loadings of EL samples were an underestimate of what was on the hand per square centimeter of skin. The concentrations of pesticide on the EL sampler were similar to the concentrations measured by the hand rinse, but the surface area of the EL sampler was much larger than the average hand surface area of the participating children. A repeat press also serves to increase the amount of pesticide relative to the surface area of the sampler.
Conclusions
The most frequently measured compound in the dust and in the hand rinse was chlorpyrifos, and its metabolite was the most frequently found in urine samples. Measurable levels of the insecticide malathion and the herbicide atrazine were found in one or more sample types. The results, however, support the need to define contacts due to specific treatments or sources around the home or other indoor / outdoor microenvironments. For each compound, the different household sample types were not well correlated due to the narrow range of sample results. This was due to contributions from multiple activities, pathways and routes of exposure to levels of pesticides, and possibly to the lack of any homes with a recent professional or general application of pesticides. Thus, there is a need for mechanistic studies of exposure and contact in residential settings after a family or professional routinely applies pesticides for insect control. The EL sampler provides a measure of surface dislodgeable dust which a child may be in contact with, while the LWW measures total``scourable'' pesticides /herbicides on a surface. Each will be of value in establishing microenvironmental levels that must be coupled with direct activity pattern information for the purpose of defining pesticide the exposure for carpets on surfaces.
